During the follicular phase, mean serum concentration of LH (ng/ml) was higher (P < 0\m=.\1) in cows with cysts (2\m=.\9 \m=+-\ 0\m=.\2) than in cows without cysts (1\m=.\1\ m=+-\ 0\m=.\1) or control cows (1\m=.\4\ m=+-\0\m=.\2). In addition, LH pulse frequency (pulses/6 h) and amplitude (ng/ml) were higher (P < 0\m=.\1) in cows with cysts (3\m=.\6 \m=+-\0\m=.\3and 2\m=.\2 \ m=+-\ 0\m=.\3,respectively) than in non-cystic (2\m=.\3\ m=+-\ 0\m=.\2and 1\m=.\0 \ m=+-\ 0\ m=. \ 2, respectively) and control (1\m=.\8\ m=+-\ 0\m=.\1and 1\m=.\1\ m=+-\ 0\m=.\2,respectively) groups during the follicular phase.
In Exp. 2, 20 non-lactating, non-pregnant dairy cows were used: 15 cows received exogenous steroids as previously described. Hypothalamic and hypophysial tissues were collected after diagnosis of cystic structures in 11 cows (cystic group). The remaining 4 cows in the steroid-treated group ovulated and were assigned to the control group in addition to 5 non-steroid treated cows. Hypothalamic and hypophysial tissues were collected during the late-luteal phase (Days 16\p=n-\18) from these control cows (N Introduction Ovarian follicular cysts (cysts) are anovulatory follicular structures which usually result in an extended calving interval in dairy cattle. It has been proposed that cysts develop as a result of an endocrine imbalance involving the hypothalamic-hypophysial-gonadal axis (for reviews, see Eyestone & Ax, 1984) . Several specific factors such as excess folliclestimulating hormone (FSH) and inadequate luteinizing hormone (LH) (Erb et al., 1971) have been suggested as factors associated with cyst development. The pituitary gland of cows with cysts is able to respond to gonadotrophin-releasing hormone (GnRH) by releasing LH (Cantley et ai, 1975; Seguin et ai, 1976) . However, the feedback regulation of the hypothalamic-hypophysial axis to oestradiol-17ß may be altered in cystic cows. Zaied et al. (1981) reported that the oestradiol-17ß-induced preovulatory-like release of LH is delayed in cows with cysts compared to cows post partum without cysts.
Secretion of LH has been associated with GnRH secretion. The response to GnRH is also modulated by steroids (for review see, Clarke, 1987) . The frequency and amplitude of GnRH has been correlated with the pattern of LH released (Levine et ai, 1982; Clarke & Cummins, 1982) . Brown et al. (1986) Most studies investigating the onset of cysts are limited to observations of endocrine measure¬ ments that occur after the condition has been diagnosed (Eyestone & Ax, 1984) . The unpredictability of the onset of cysts has made investigation of their aetiology difficult to study. Although many factors have been associated with increased occurrence of cysts, endocrine mechanisms associated with development of cysts remain obscure .
Injections of oestradiol-17ß and progesterone have been used to induce cysts in cattle (Erb et al., 1973; Winters et ai, 1986; Cook et ai, 1990) . Clinical, endocrine and histological characteristics and development of steroid-induced cysts (Cook et al., 1990) are similar to those previously observed in spontaneously occurring cysts Brown et ai, 1982; HernandezLedezma et ai, 1982 (Cook et al, 1990 (cystic) . The follicular phase of non-cystic cows was defined as the period when a follicle was detected on the ovary, but before oestrus and ovulation. In cows with cystic follicles, the follicular phase was the period when follicles were first detected until structures attained a size of 2-0 cm or larger in diameter. Cows not receiving exogenous steroids (controls) did not undergo a static phase. The follicular phase in the control cows was limited to blood samples taken from 12 h after the third PGF-2a injection to oestrus.
Endocrine procedures. Concentrations of LH and FSH in serum were measured by radioimmunoassay (RIA) as described by Zaied et al. (1980) , respectively. The intra-and inter-assay coefficients of variation (CV) were 11 -7% and 7-9%, respectively, for LH and 9-5% and 7-9%, respectively, for FSH. Concentration of progesterone was determined by RIA, as described by Cantley et al. (1975) . The intra-and inter-assay CVs for progesterone were 224% and 15-7%, respectively. Serum concentration of oestradiol-17ß was determined as described by Cook et al. (1990) . The intra-and inter-assay CVs for oestradiol-17ß were 2-9% and 5-6%, respectively.
Sensitivities of the assays were 0-1 ng LH/tube, 2-0 ng FSH/tube, 0-05 ng progesterone/tube and 1 -2 pg oestradiol-17ß/ Hormone pulse frequency (pulses/6 h), amplitude (ng/pulse) and duration (min/pulse) for individual cows were calculated by computer algorithms for each sampling period. The following criteria were used to define a hormone pulse: (1) an increase above the preceding nadir greater than or equal to one standard deviation of the mean concen¬ tration of hormone for each sampling period, (2) the ascending side of the peak could not contain more than one point between the nadir and peak value; and (3) the peak must be accompanied by at least two other consecutive decreasing hormone concentrations. Pulse frequency for individual cows was calculated as the sum of all pulses detected during each sampling period. Square root transformation was used before statistical analysis to achieve homogeneity of variance for number of hormone pulses. Amplitude of hormone pulses was the height from the preceding nadir to maximum height of all pulses detected in each sampling period. Duration of hormone pulses was calculated as the average interval for all peaks detected during each 6-h period. A preovulatory surge of LH was presumed to have occurred if there was a consecutive increase or decrease in concentration of LH observed in the 3 samples collected twice daily at 15-min intervals with the highest concentration exceeding 10 ng/ml.
Data were analysed using Statistical Analysis System (SAS, 1985) . The endocrine data were analysed using a factorial split-plot in time analysis of variance for repeated measures (Gill & Hafs, 1971 (Nett & Adams, 1977) , except that the present procedure used anti-LHRH CRR1B73 as described by Gale et al. (1988) . Intra-and inter-assay CVs for the GnRH assay were 70% and 16-2%, respectively. Sensitivity of the assay was 0-5 pg/tube.
Pituitary glands were excised and the neural-intermediate lobes were immediately trimmed from the pituitary. The anterior pituitary was weighed and stored frozen until analysed for content of LH (Zaied et al., 1981) , FSH and number of receptors for GnRH (Moss et al., 1985) . To measure number of receptors for GnRH, pituitaries were homogenized and membranes were isolated by centrifugation as described by Moss el al. (1985) . The Company, St Louis, MO, USA. At the end of the incubation, the membranes were centrifuged, and the amount of radioactivity remaining in the pellet was quantified. Numbers of receptors for GnRH in each pituitary were determined by methods described by Moss et al. (1985) . Data analyses. Data were analysed as a one way analysis of variance design (SAS, 1985) . Treatment was the main effect included in the model (Steel & Torrie 1960) .
Results

Experiment 1
General. Mean (±s.e.m.) serum concentration of oestradiol-17ß on Day 7 of steroid injections was 1981 ± 4-7pg/ml, but had declined (P < 005) to 6-7 + 0-3 pg/ml by 5 days after the last injection. Similarly, serum concentration of progesterone was elevated by Day 7 of steroid injections (6-7 ±0-3 ng/ml) and declined (P < 0-05) to 0-4 + 0-1 ng/ml by Day 5 after the last injection.
Following the last steroid injection, cows did not exhibit normal oestrous behaviour, and there was an absence of follicular and luteal structures for a period lasting 29^41 days (static phase; 36 + 4 days). Low concentration (< 10 ng/ml) of progesterone in serum was indicative of the absence of luteal tissue. Moreover, preovulatory surges of LH were not detected during the static phase in any cows based upon the twice daily sampling regimen.
In steroid-treated cows, follicular growth (follicular phase) was detected in all cows after the static phase. Seven cows exhibited oestrous behaviour within 3-7 days after the static phase, and a preovulatory surge of LH was detected in 6 of 7 cows (non-cystic). In these cows, serum concen¬ tration of progesterone increased to > 1 ng/ml over the next 10 days and CL were detected by rectal palpation. In contrast, 8 cows did not exhibit oestrous behaviour, and ovarian follicular structures developed in the absence of a CL. Concentration of progesterone did not exceed 1 ng/ml, and a preovulatory surge of LH was not detected in any of the 8 cows (cystic).
Endocrine parameters. Mean concentrations and secretory pulse patterns (frequency, amplitude and duration) of LH and FSH in serum were not different during the static phase between cows that subsequently developed cysts and cows that ovulated (Fig. 1) . As cows entered the follicular phase, daily mean concentration, pulse frequency and pulse amplitude of LH were higher (P < 001) than during the static phase (Figs 1 & 2) . Differences in LH values between the static and follicular phase were largely due to changes observed in cows that developed cysts. However, differences were not observed for any FSH parameters measured.
During the follicular phase, the cows that developed cysts exhibited higher (P < 001) LH pulse frequency (3-6 + 0-2 pulses/6 h) and amplitude (2-2 + 0-2 ng/ml), than did cows not developing cysts (2-3 + 0-2 pulses/6 h and 10 ± 0-2 ng/ml, respectively) and control cows (1-8 + 01 pulses/6 h and 11 ± 0-2 ng/ml, respectively; Fig. 1 ). The higher (P < 0-01) LH pulse frequency and ampli¬ tude observed in cows with cysts resulted in a higher (P < 0-01) mean concentration of LH (2-9 ± 0-3 ng/ml) than in cows without cysts (11 + 01 ng/ml) or control cows (1-4 + 0-2 ng/ml) during the follicular phase (Fig. 1) . Duration of LH pulses was longer (P < 001) for control cows (81-7 ± 3-5 min) compared with cows without cysts (65-7 ± 3-2min) and cows with cysts (69-3 + 1-5 min; Fig. 1 ). LH concentration increased over time in a linear fashion (P < 001) during the follicular phase in the cystic and non-cystic groups, but the increase in LH over time was greater for the cystic group (Fig. 2) .
Mean daily concentration of FSH and pulse frequency, amplitude and duration of FSH were not different (P = 0-21; Fig. 1 ) among groups. During the follicular phase, control cows exhibited a similar daily concentration of FSH (8-2 ±11 ng/ml) compared with non-cystic (8-7 ± 0-6 ng/ml) and cystic (70 + 0-4) groups. Frequency (pulses/6 h), amplitude (ng/ml) and duration (min/pulse) of FSH pulses were similar for non-cystic (2-2 ± 0-2, 5-1 ± 0-6 and 74-3 ± 1-5, respectively), cystic (2-3 + 01, 2-9 + 11 and 85-8 + 3-3, respectively) and control (2-5 ± 0-3, 6-6 + 2-3 and 70-5 + 4-3, respectively) groups during the follicular phase. Although fluctuations in serum concentration of progesterone were observed during the static and follicular phases there were no differences in concentration of progesterone (ng/ml) between the static and follicular phases or among cystic (0-54 + 01), non-cystic (0-54 +0-1) or control (0-63 + 01) groups during the follicular phase. Daily fluctuations in oestradiol-17ß were also observed, but mean concentrations were not different during the static and follicular phases (6-7 + 0-7 and 84 + 0-9 pg/ml). Mean concen¬ tration (pg/ml) of oestradiol-17ß was also similar between the cystic (81 + 0-9), non-cystic (7-7 + 0-8) and control (91 + 11) groups during the follicular phase.
Experiment 2
General. Of the 15 cows treated with exogenous steroids, 11 developed cysts which were present at slaughter. The remaining 4 cows spontaneously ovulated after steroid treatment and resumed normal oestrous cycles. Data collected from tissues of these 4 cows and from tissues collected from 5 additional cows during the luteal phase (Days 16-18) were combined as controls (N = 9). Endocrine parameters. Combined weights of the hypothalamus, POA and SME collected at slaughter did not differ (P > 005) between treatment groups (Table 1) . Content of GnRH in the hypothalamus + POA was higher (P < 005) in cows without cysts than cows with cysts. The percentage of GnRH in the hypothalamus + POA was higher (P < 005) in cows without cysts (76 + 10%) than in cows with cysts (44 + 9%). Considerable variation in the content of GnRH in the pituitary SME existed among cows, and content of GnRH tended (not significant) to be higher in the cystic group than in the non-cystic group. Total content of GnRH in the hypothalamic region (hypothalamus + POA + SME) was similar between treatment groups. Weight of the anterior pituitaries, concentrations of LH, FSH and receptors for GnRH in anterior pitutaries were not different between groups (Table 2 ). (ng) Combined hypothalamus + POA 37-7 ± 6-6 18-6 ± 6-1* Pituitary SME 21-1 ± 15-2 38-5 + 9-6
Combined hypothalamus + POA + SME 470 + 10-5
53-6 ± 9-5
Total weight (g) of hypothalamus+ POA + SME 2-8 ± 0-2 2-6 + 0-2 *P < 005 compared with value for control cows. . Previous studies have examined some aspects of putative aberrations associated with cysts in cows, but most observations have been made following diagnosis of the cyst after its development (for reviews, see Eyestone & Ax, 1984) . Experimental induction of cysts in this and other (Erb et ai, 1973; Winters et al., 1986; Cook et al., 1990 ) studies allows for a prediction of the time of onset of cyst development in cattle, and therefore permits study of endocrine changes that occur during follicular/cyst development. One mechanism previously thought to be associated with development of cysts in dairy cattle was overstimulation of follicular growth by excessive stimulation by FSH (Erb et al., 1971 (Murdoch, 1985) . In rats, FSH and oestra¬ diol increase follicular responsiveness to LH (Richards, 1980) , and there is an increased number of unoccupied LH receptors in preovulatory follicles before the LH surge (Ireland, 1987 (Erb et al., 1971; Kesler et al., 1979) . However, in the present study, an increase in mean concen¬ tration, pulse frequency and amplitude of LH in serum was observed in cows which developed cysts.
High blood concentrations of LH act on the preovulatory follicle to inhibit the production of oestradiol-17ß by the granulosa to initiate premature luteinization of granulosa (Moor, 1974) . The decline in oestradiol production reflects a progressive loss of steroidogenic capacity by the cells of the theca interna as well as decreased aromatase activity in the granulosa. This functional loss is accompanied by degenerative changes visible at the stigma at the light microscope level (Moor et al., 1975) . Perhaps associated with the induced cysts in the present study, the high peripheral concentration of LH which accompanied the early developmental stages of cyst formation initiated luteinization in the absence of follicular rupture. However, concentration of oestradiol-17ß in serum of cows developing cysts was not different from that of those which ovulated. Since the cows without cysts in this study that were given exogenous steroids exhibited LH pulse amplitudes and frequencies of LH which were similar to those of control cows developing a preovulatory follicle, the higher pulse amplitude and frequency of LH observed in cows with cysts is not likely to be due solely to an effect of the steroid treatment. It is possible that this alteration in gonadotrophin secretion is an effect (or cause) of the development of a cystic follicle rather than one that will ovulate.
Another endocrine aberration that could result in formation of cysts is the absence or mistiming of the preovulatory surge of LH. Lee et al. (1988) demonstrated that inhibition or delay of the preovulatory surge of LH in cattle with injections (i.v.) of progesterone was followed by develop¬ ment of persistent follicles. Also, Zaied et al. (1981) have shown that some cows with cysts release LH following administration of exogenous oestradiol benzoate, but the time from injection of oestradiol benzoate to the preovulatory surge of LH was delayed. In our study, three serum samples were obtained at 15-min intervals every 12 h. While it was possible for a preovulatory surge of LH to have occurred during this 12-h interval, surge levels (> 10 ng/ml) of LH were detected in the non-cystic and control groups while none of the cows with cysts exhibited preovulatory surge levels of LH. In this study, daily sampling was not frequent enough to characterize the intensity or timing of the preovulatory surge of LH.
Depletion or decreased stores of LH in the pituitary have also been suggested as a cause for cysts (Erb et al., 1971) . The early post-partum period in dairy cows, a time when pituitary content of LH (Saiddudìn et ai, 1968; Moss et al., 1985) and mRNA for the ß-subunit of LH (Nett, 1987) are low compared with values in normally cycling cows, is characterized by an increased incidence of cysts. Perhaps the increased secretion of LH during cyst development observed in this study resulted in depletion of pituitary stores of LH. However, pituitary content of LH in cows which had recently developed cysts in this study (Exp. 2) or were long-term, chronically cystic (Brown et ai, 1986) or after 7-10 days post par turn (Kesler et al., 1977; Fernandes et al, 1978) .
Pituitary secretion of LH is controlled by hypothalamic GnRH and is modulated by steroids from the ovary (for review, see Nett, 1987) . Aberrant release of GnRH from the hypothalamus, and subsequent induced release of gonadotrophins, might also be associated with cyst development. In Exp. 2, there was a lower content of GnRH in the hypothalamus of cows with cysts, indicating an aberration in one or more of the rates of synthesis, release, storage and(or) degradation. In that same study, GnRH content in the median eminence tended (not significant) to be higher in cows with cysts. If those endocrine values were similar during cyst development, it would partly explain an increased release of LH during the follicular phase (increased GnRH in the median eminence) and lack of a preovulatory surge of LH (decreased GnRH in the hypothalamus) at the proper time.
In conclusion, secretory patterns of LH, but not FSH were associated with development of cysts in cattle (Exp. 1). During cyst development, secretion of LH was characterized by an increase in mean basal concentration, and frequency and amplitude of pulses. Aberration of secretory patterns of LH may be associated with aberrant hypothalamic (GnRH) function which is probably modu¬ lated by ovarian secretions. In Exp. 2, the anterior pituitary element of the hypothalamic-hypophysial-ovarian axis appeared to be fully competent after the development of ovarian follicular cysts. The cysts apparently inhibited the neural elements responsible for the synthesis and(or) release of GnRH, and, subsequently, the secretory pattern of LH release.
